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Theory of Operation 


The ZAD plugs on to the expansion bus of your ZX8I, 
TS1000, TS1500, or TS2068 computer. It is port addressed and 
can be read using the IN command on the TS2068 or with 
machine language drivers on all these computers. The ZAD is 
located at the even port addresses from 0 to 14. The odd 
addresses that use bit AO were purposely not used so that 
there would be no conflict with the keyboard scanning 
hardware on the ZX81, TS1000, and TS1500 computers. 


It takes about 2 milli-seconds for the ZAD to complete a 
single analog to digital conversion on a channel. To start a 
conversion cycle, you read the address location corresponding 
to the channel that you want to measure. Then you must 
delay at least 2 millisecond for the conversion to be completed 
properly. To’get the results you then do an input from any of 
the ZAD’s port addresses. This action will do two things: first 
it will give you the results of the recently completed 
conversion. Second it will start a mew conversion on 
whichever channel you’ve just addressed to get this reading. 


SCHEMATIC 
ZEBRA A/D INTERFACE 


74LS27 
A7—~—C D GND 
A5 d= Re 
A6—€‘ RE +5V 
+5 
A4—€ D1 GND 
ft 
I0o—d START 
| — OUTPUT 
A.L.E. IN1 
N/C E.0.C. 


AO CLOCK 
Al Al 
A2 A2 
A3 A3 
D7 D7 
D6 D6 IN5 
D5 D5 
D4 D4 
D3 
D2 
D1 
DO 
+5 
GND 
COMPUTER 
BUS 


Note 1: Resistors R1 through R4 are only used where the 
ZAD is configured as a Zebra Graphics Interface. In 
that configuration, the resistors serve as pull-ups for 
the graphics tablet buttons. 


Note 2: Resistors SR1 and SR2 are scaling resistors. 
They appear on all configurations but are shorted out 
except in the Zebra Graphics Interface configuration. 
Their purpose is to offset the measurement voltage 
.range slightly away from both power supplies, 
(approximately 0.1 volt to 4.9 volt,) instead of the 
usual 0-5 volts. This enables full scale 0-255 range 
of readings even though the Zebra Graphics Tablet has 
some residual resistance along its edges. 
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Zebra A/D Interface 
Connector Signal Assignments 


D.I.N. DIP 
onnector SOCKET ADDRESS 
Pin Number PIN NO. SIGNAL PORT 


, D.I.N. PIN-OUT DIP PIN-OUT 
5 1 1 14 
2 13 
3 12 
4 2 4, 11 
3 2 10 
6 =9 
A and B DIN CONNECTORS 7 8 
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Sample BASIC Driver 


~w 


Below is an example of how to read the ZAD from TS2068 
BASIC: 


10 
20 
30 
30 
40 
45 
50 
55 
60 
70 
80 
90 


PRINT “ENTER A CHANNEL # TO READ (1-8) 
INPUT X 
IF X < 1 OR X > 8 THEN GOTO 10 


REM 
LET 
REM 
LET 
REM 
LET 


CALC. INPUT PORT NUMBER 

CH= (X=-1) *2 

START CONVERSION OF CHANNEL CH 
Y=IN CH 

GET RESULTS OF LAST CONVERSION 
Y=IN CH 


PRINT "AT INPUT";X;"VOLTAGE= "; 
PRINT (Y¥*5/256); "VOLTS." 
GOTO 10 


Here is a shorter program to keep reading a single port: 


10 LET V=INPUT 0 
20 PRINT "THE VOLTAGE ON CHANNEL 1 IS";V 
30 GOTO 10 


SAMPLE MACHINE CODE DRIVER 
(Reads all 8 channels) 


The following is a relocatable machine language driver for 
the ZAD. It can be poked into memory at any safe location 
and called via a USR call function. The data returned is 
contained in an eight byte buffer exactly 46 bytes after the 


first address of this routine. 


OOOO ED4BB640 OO100 LD BC, (16516) 
OOO LIeELE? QO1L1O LD DE, SESELH 
OOO? EDSZB640 OO120 LD (16516) ,DE 
OOOR CDB640 o0130 CALL. 16518 

QOOOE ED428640 00140 RET LD (16518), BC 
QOOL2 AF QOO1SO XOR A 

OGL. 2C QOOLSS INC A 

OML4 LILLE OO QO16EO LD DE, DATA-RET 
MOLT 19 QOO17O ADD HL, DE 

MOLE 609 QOO180 LD B,9? 

OOLA OF QOO1L190 LOOF LD C,A 

OOLBRB ED78 QOO2ZOO IN A, (C) 

OoOLD CS QO2D1O FUSH BC 

QOLE O&7F QQ217 LD BR, 127 

QO2O LOFE QO22S DELAY DINZ DELAY 

Go ‘Gal QOO2SO FOF BC 

QO2LS 77 QQ24ao LD (HL) ,A 
mO24 2st QOO2S5O INC HL 

QOoO2s 79 QOO26O LD A,C 

QOO2& IC QO270 INC A 

ONL? eC QO2BO INC A 

OO2S ESOF QO290 AND i 

QOLZA 1LOEE QOOZQAO DJINZ LOOF 

wo CF QOZ1LO RET 

QOLD BO QQOZ20 DATA DEFM 7012245578" 


vw 


16550 
14553 


16556 


Decimal Listing of 
Preceding Routine 


16215 
14218 
16521 
16524 
16527 
143520 
16527 
165.26 
16529 
16542 
16545 
16548 
163551 
16554 


16557 


Photocell Light-detector 


Inexpensive Cadmium Sulfide photocells are easy to find and 
simple to use. The resistance of these cells is very high when 
they are in the dark. But when light hits them, their 
resistance falls dramatically. The exact resistance change 
versus light sensitivity depends upon the manufacturer and 
part number. 


Zebra Systems used Cd/S in their light pen design and it was 
found that the cells are quite fast. Fast enough to repond to 
the peak light intensity as a CRT scanning beam passed by at 
60 TV frames per second. The cells we tested also were more 
sensitive to red light than to blue. 


2S 
IOOK 
IN 
wm 
SA 
CdS 
Photo Cell 
GND 


Switch Contact Monitoring 


oe 


There are many applications for simple contact closure 
monitoring. The circuit below shows a single contact. A 
simple 10K pull-up resistor is used so that when the switch is 
opened, the voltage at the monitoring point will be near 5 
volts; when the switch is closed the voltage will be near 0 
volts. Your computer software can determine whether the 
contact is open or closed by simply comparing the voltage to 
2.5 volts. 


8 REM PUT INPUT RESULTS INTO 
9 REM VARIABLE V1, THEN... 
10 IF Vl > 127 THEN GOTO 50 
20 PRINT "CONTACT IS CLOSED" 
30 GOTO 50 
40 PRINT “CONTACT IS OPEN" 
- 50 CONTINUE 


The contact could be a joystick fire button, alarm system 
window switch, control panel selector switch, or anything else. 


+5 
IOK 
IN 
SW1 
GND 


Over Voltage Protection 


The Zebra A/D has a 5 Volt DC full scale range, and is 
subject to damage if voltages outside this range are applied. 
The circuit below show one possible method for protecting the 
A/D. An input resistor and two diodes are used. Within the 
normal 0 to 5 Volt range the diodes will remain reverse 
biased. If the source voltage goes higher than +5 volts, then 
the diode D1 to the +5volt supply will conduct and limit the 
A/D input voltage to not much higher than the 5Volts. 
Similarly for negative voltages, diode D2 will prevend A/D 
input from going much below 0 Volts. The value of the input 
resistor R1 should be chosen judiciously to limit the current 
through it and the protection diodes under your worst-case 
input voltage. | 


$5 
| D1 { 


A/p OK UNKOWN 
IW VOLTAGE 
D2 
GUD 


Potentiometer Inputs 


—_~ 


There are many types of potentiometers. Simple inexpensive 
ones are rotary and linear potentiometers consisting of a 
resistive ink on a substrate and a moving metalic wiper 
contact. For example, the volume control on virtually every 
TV or radio is a potentiometer. As shown in Figure 1, you 
can impress the ZAD’s +5 volt power supply across the 
potentiometer and then monitor the voltage at the wiper. This 
voltage will vary with the wipers position. 


A good potentiometer for use with the ZAD would be a 10K 
potentiometer with a wiper resistance that varies linearly with 
position. Potentiometers used as volume controls often vary 
logarithmically with position since the ear’s sensitivity is 
logarithmic. If you use one of these pots, you will have lots 
of resolution at one end of its control and very little at the 
Other. 


Note that an analog joystick is merely a special application of 
two rotary potentiometers that have been mechanically 
coupled to a joystick handle. You can use one ZAD channel 
to monitor the X direction pot, one for the Y direction, and 
yet another for the fire button contact switch. 


+5 rs fy 
In] am 

fal) | lox. 

IN Pot. 


INZ 


[w 
SW1 
Gawd GND 


Potentiomeler Z Axis Joystick 
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D.C. Voltmeter 


You can extend the positive voltage range of your ZAD by 
including a resisitve divider circuit on its input. For example 
the network shown here in figure 1 , will double the normal 
> volt input range to 10 volts full scale. Notice that we have 
included protection diodes. For best accuracy these diodes 
Should be low leakage. 


+$ 
D1 
A/D RZ 
o 4K 
R| 
bz re 
GND 
Figure 1. 
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National 
Semiconductor 


Analog-to-Digital Converters 


ADC0808, ADC0809 8-Bit .P Compatible A/D Converters 


With &Channel Multiplexer 


General Description 


The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital 
converter, &channel multiplexer and microprocessor 
compatible control logic. The 8-bit A/D converter uses suc- 
cessive approximation as the conversion technique. The 
converter features a high impedance chopper stabilized 
comparator, a 256R voitage divider with analog switch tree 
and a successive approximation register. The &channel 
multiplexer can directly access any of 8-single-ended ana- 
log signals. 


The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad- 
dress inputs and latched TTL TRI-STATE® outputs. 


The design of the ADC0808, ADC0809 has been optimized 
by Incorporating the most desirable aspects of several 
A/D conversion techniques. The ADC0808, ADC0809 of- 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabi- 
lity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica- 
tions. For 16-channel multiplexer with common output 
(sample/hoid port) see ADC0816 data sheet. 


Features 


@ Resolution — 8-bits 

® Total unadjusted error — + 1/2 LSB and + 1LSB 

@ No missing codes 

@ Conversion time — 100 us 

@ Single supply — 5 Vo. 

®@ Operates ratiometrically or with 5 Voc or analog span 
adjusted voltage reference 

® &-channel multiplexer with latched control logic 

@ Easy interface to all microprocessors, or operates 
“stand alone” 

@ Outputs meet T’L voitage level specifications 

® OV to 5V analog input voltage range with single 5V 
supply 

® No zero or full-scale adjust required 

@ Standard hermetic or moided 28-pin DIP package 

®@ Temperature range -—40°C to +85°C or —55°C to 
+ 125°C 

@ Low power consumption — 15 mW 

@ Latched TRI-STATE® output 


Block Diagram 


START cLocK 


Per a/o 


8 ANALOG INPUTS 


ADDRESS 


LATCH 
AND 
OECODER 


AOORESS 
LATCH ENABLE 


Vcc GND REF(+) 


= 


# 
=~ 
tw) 
=z 
_ 
=z 
~ 
mm 
a ROE om ap aap aes aap 


», END OF CONVERSION 
(INTERRUPT) 


8-BIT OUTPUTS 


266R RESISTOR LADDER 


oe REF(-) OUTPUT 
ENABLE 
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Absolute Maximum Ratings (notes 1 and2) Operating Ratings (Notes 1 ana 2) 


Supply Voltege(Vcc)(Note3) — 66v Temperature Range (Note 1) Tun © Ta 8 Tuax 
Voltage at Any Pin -0.3V to(Vog + 0.9¥) ADCOB0ECY ~ 6°Cataa + 126°C 
Except Control inputs ADCO0808CCJ, ADCOBOECCN, 

Voltage at Contro! inputs -0.3V to + 18V ADCOBOSCCN ~ °C aTaa +86°C 

(START, OE, CLOCK, ALE, ADP A, AOD B, ADD C) Range of Vcc (Note 1) 4 8Vo¢ 108 0 Voc 
Storage Temperature Range - 66°C to + 180°C 

| Package Dissipation at Ta = 25°C 676 mw 

Lead Temperature (Soldering, 10 seconde) 300°C 

| 

| 

; Electrical Characteristics 


| Converter Specifications: Voc 25 Voc = VReri+ y Vrer(- )= GND, Twin s Ta s Tmax and foix = 640 kHz 
uniess otherwise stated. 


Parameter 
ADC0808 


Total Unadjusted Error 

(Note 5) TIN to Tmax 
ADC0809 

Total Unadjusted Error 0°C to 70°C 

(Note 5) Tun 0 Tax 


1.0 
GND-0.10 


From Ref( +) to Ref(—) 
(Note 4) Vi +) or V(—-) 
Measured at Ref( +) 


Input Resistance 
Analog Input Voitage Range 
Vrer, +) Voltage, Top of Ladder 


“aero? ner Voltage, Center of Ladder 


Vrer-) Voitage, Bottom of Ladder 
Comparator Input Current 


Vec/2-0.1 


Measured at Ref(—) 
t, = 640 kHz, (Note 6) 


Electrical Characteristics 


Digital Levels and DC Specifications: ADCO808CJU 4.5V sVo- s5.5V, —- 55°C s Tas + 125°C unless otherwise noted 
ADCO808CCJ, ADCO808CCN, and ADCO809CCN 4.75 < Voc s5.25V, — 40°C <Ta< + 85°C unless otherwise noted 


Paramele [conditions | win | Tye | Man [uni 


ANALOG MULTIPLEXER 


OFF Channel Leakage Current | Voc = 5V, Vin = 5V, 


Lorri +) 


Ta = 25°C nA 
Twin tO Tuax yA 
lorr(-) OFF Channel Leakage Current Voc = 5V, Vin=0, 
= 25°C 
A 


Twin to Tax 


CONTROL INPUTS 


Vina) Logical "1" Input Voltage ¥ 

Vinio) Logical 0” Input Voltage V 

tit) Logical 1" Input Current Vin = 15V pA 

-~ (The Control Inputs) 

lwo) Logical “0” Input Current Vin=0 nA 
(The Control Inputs) 

loc Supply Current foux = 640 kHz mA 
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Electrical Characteristics (continued) 


Digital Levels and DC Specifications: ADCO808CJ 4.5V <Vo_ <5.5V, — 55°C <Tys + 125°C unless otherwise noted 
ADCO0808CCJ, ADCOB08CCN, and ADCO809CCN 4.75 < Voc <5.25V, —- 40°C < Ty + 85°C unless otherwise noted 


Parameter ee a 


DATA OUTPUTS AND EOC (INTERRUPT) 


Vout) Logical "1" Output Voltage 
Voutio) Logical "0" Output Voltage 
Voutio) Logical "0" Output Voltage EOC 


lout TRISTATE Output Current 


Electrical Characteristics 
Timing Specifications: Voc = Vrgr,+)=5V, Vraer—) = GND, t, = ty = 20 ns and T, = 25°C unless otherwise noted. 


—— a —— a a ——— a a 


tws Minimum Start Pulse Width- ‘| (Figure 5) 
tWaALe Minimum ALE Pulse Width (Figure 5) 
t, Minimum Address Set-Up Time | (Figure 5) 
ty Minimum Address Hold Time | (Figure 5) 
to Analog MUX Delay Time Rg = O00 (Figure 5) 
From ALE 
tha tHo OE Control to Q Logic State C, = 50 pF, R, = 10k (Figure 8) 
ties tor OE Control to Hi-Z C, = 10 pF, R, = 10k (Figure 8) 
te Conversion Time f, = 640 kHz, (Figure 5) (Note 7) 90 
f, Clock Frequency ~ 10 
teoc EOC Delay Time (Figure 5) 0 
Cw input Capacitance At Control Inputs 
Cour TRI-STATE® Output At TRI-STATE® Outputs, (Note 12) 


Capacitance 


Note 1: Absoiute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: Ali voltages are measured with respect to GND, uniess otherwise specified. 

Note 3: A zener diode exists, internaily, from Voc to GND and has a typical breakdown voltage of 7 Voc. 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vcc supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog V;j, does not exceed the supply 
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Voc to 5 Voc input voltage range will therefore require a minimum sup- 
ply voltage of 4.900 Voc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scaie) the reference 
voltages can be adjusted to achieve this. See Figure 73. 

Note 6: Comparator input current is a bias current into of out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Seemnesenanel 


Functional Description 


Multiplexer: The device contains an 8&channeli single- 
ended analog signal multiplexer. A particular input chan- 
nel is selected by using the address decoder. Table | 
shows the input states for the address lines to select any 
channel. The address is latched into the decoder on the 
low-to-high transition of the address latch enable signal. 


TABLE | 


SELECTED 
ANALOG CHANNEL 


» 
o 
o 
» 
m 
7,4 
7) 
a 
2 
m 


x Fe terre er 
fF rer tte r 
Zrt cr Be zt eS 


CONVERTER CHARACTERISTICS 


The Converter 


The heart of this single chip data acquisition system is its 
8-bit analog-to-digital converter. The converter is designed 


to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter ja partitioned 
Into 3 major sections: the 256R ladder network, the suc- 
cessive approximation register, and the comparator. The 
converter's digital outputs are positive true. 


The 256R ladder network approach (Figure 1) wae chosen 
over the conventional A/2R ladder because o! its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 


The bottom resistor and the top resistor of the ladder 
network in Figure 7 are not the same valve as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym- 
metrical with the zero and full-scale pointe of the tranefer 
curve. The first output transition occurs when the analog 
signal has reached + 1/2 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 


The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-bit con: 
verter. Figure 2 shows a typical example of a 3-bil con- 
verter. In the ADCO808, ADCO0809, the approximation 
technique is extended to 6 bits using the 266R network. 


CONTROLS FROMS.A.R. 


i 


TO 
COMPARATOR 
INPUT 


FIGURE 1. Resistor Ladder and Switch Tree 


Functional Description (continued) 


The A/D converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end-of-conversion (EOC) output to the SC Input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be- 
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 


The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 


le FULL-SCALE 
-+ ERROR = 1/2 LSB 


IDEAL CURVE 


be NONLINEARITY = 1/2 LSB 


A/D OUTPUT CODE 


000 
Oe 1/8 2/8 3/8 4/8 S/R G8 7/8 
Vin AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/O Transfer Curve 


INPUT 93V 
VOLTAGE 


QUANTIZING ‘ 


comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com- 
parator provides the most effective method of satistying 
all the converter requirements. 


The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is aC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 


Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 


INFIMITE RESOLUTION 
PERFECT CONVERTER 


11 


110 +1/2 188 IDEAL 3-81T CONVERTER 
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© 101 | UNADJUSTED”. 
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» ABSOLUTE 
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QUANTIZATION 


608 
0/6 1/8 2/8 3/8 4/8 5/8 6/8 7/8 
Vin AS FRACTION OF FULL-SCALE 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 
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FIGURE 4. Typical Error Curve 


Connection Diagram 
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Timing Diagram 
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FIGURE 5 
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TYPICAL yp uA) 


FIGURE 6. Comparator ling VO Vin 
(Voc = Vagr = SV) 


TRI-STATE® Test Circuits and Timing Diagrams 
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Applications Information 
OPERATION 


1.0 Ratlemetric Conversion 


The ADC0808, ADC0809 Is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion 
systems. in ratiometric systems, the physical variable 
being measured is expressed as a percentage of full-scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0606 is expressed by the 
equation 


ee, 

Vie Vz Omax— Omin 

Vin = Input voitage into the ADC0608 
Vi, = Full-scale voitage 

Vz = Zero voitage 

0, = Data point being measured 
Owax = Maximum data limit 

Duin = Minimum data limit 


A good example of a ratiometric transducer is a poten- 
tlometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0808, ADC0809 is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 


(1). 


Ratiometric transducers such a8 potentiometers, strain 
gauges, thermistor bridges, preseure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measuremente must be referred 
to an absolute standard such as voltage or current. This 
means a syetem reference must be used which relates 
the full-ecale voltage to the standard volt. For example, if 
Voc # Vange @ 8. 12V, then the full-scale range |e divided in- 
to 286 standard steps. The smaliesi standard step is | 
LSB which is then 20 mV. 


2.0 Resistor Ladder Limitations 


The voltages from the resistor ladder are compared to the 
selected Input 6 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 


The top of the ladder, Ref( + ), should not be more positive 
than the supply, and the bottom of the ladder, Ref(—), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita- 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 


Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in- 
stance, if a5.12V is used, the supply should be adjusted to 
the same voltage within 0.1V. 
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FIGURE @. Ratiometric Conversion System 
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Applications Information (continued) 


The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground reterenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus Is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 »F output capacitor. 


The top and bottom ladder voitages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically 
less than Vcc and greater than ground. The center of the 
ladder voitage should always be near the center of the 
supply. The sensitivity-of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym- 
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about Vc(/2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 
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FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 
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FIGURE 11. Ground Referenced Conversion System with 
Reterence Generating Vcc Supply 
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FIGURE 13. Symmetrically Centered Reference 


3.0 Converter Equations 
The transition between adjacent codes N and N +1 is 
given by: 
N 1 (2) 
Vin ; (Ver +) — Veen + sil vn VREF(-) 


The center of an output code N is given by: 


N 
Vin ; (Vrer(+)— Vrer-)) A - vn + VREF(-) (3) 


The output code N for an arbitrary input are the integers 
within the range: 


Vin — Ver - 
N= ——!N7 REF“) x 256 + AbsoluteAccuracy (4) 
Vrer(+) — Vrer-) 


where: V,,, = Voltage at comparator input 
--  Vprer+)= Voltage at Ref( +) 
Vrer -)* Voltage at Ref( ~) 
Vrug = Total unadjusted error voitage (typically 
Vrer+) + 512) 


4.0 Analog Comparator inputs 


The dynamic comparator input current le caused by the 
periodic switching of on-chip stray capacitances. These 
are connected alternately to the output of the resistor 
ladder/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 


The average value of the comparator Input current varies 
directly with clock frequency and with Vi, ae shown in 
Figure 6. 


If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, ae the tran- 
sient created by the capacitance diecharge will die oul 
before the comparator output |e strobed. 


If input filter capacitors are desired for nolee reduction 
and signa! conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a OC bias current whose effect can be 
predicted conventionally. 
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